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Setting the StageSetting the Stage
Physical Processes Associated with Floodplain EnvironmentsPhysical Processes Associated with Floodplain Environments

HydrologicHydrologic
•• Flooding Flooding 
•• Groundwater Groundwater 

GeomorphicGeomorphic
•• Sediment CyclingSediment Cycling
•• Channel Migration Channel Migration 

Influences Affecting Influences Affecting 
ProcessProcess

•• Land Use/EncroachmentLand Use/Encroachment
•• Beaver EradicationBeaver Eradication
•• ClimateClimate
•• Disturbance (Disturbance (egeg Ice Ice 

Jamming)

Flathead

Jamming)



Other Important ProcessesOther Important Processes

Water QualityWater Quality

Biological Diversity/Habitat ComplexityBiological Diversity/Habitat Complexity

Soils DevelopmentSoils Development



A floodplain is flat or nearly flat land adjacent to a A floodplain is flat or nearly flat land adjacent to a 
stream or river that experiences occasional or stream or river that experiences occasional or 
periodic flooding.periodic flooding.

Little Big Horn

Owens River

Cataract Canyon

San Antonio River



Bedrock ControlBedrock Control
Narrow FloodplainsNarrow Floodplains



Wise River

Steep Channels/ Steep Channels/ 
Headwater Headwater 

StreamsStreams
Narrow FloodplainsNarrow Floodplains

Upper Nevada Creek



Hayden Valley
BigSkyFishing.com

High Elevation Meadows

Locally Wide Floodplain



Typical ConstraintsTypical Constraints

•Channel Stability 

•Geologic Controls

•Transportation 
Encroachment

•Urban Encroachment

Yellowstone River at Billings



Channel StabilityChannel Stability
Terraces are Abandoned FloodplainsTerraces are Abandoned Floodplains

Terrace
Floodplain

Yellowstone River Above 
LivingstonNew Zealand



Unstable, Incised Channels Have No Floodplain (for a while)



Big Hole River at Melrose

Maidenrock Canyon
Variability in Variability in 
CharacterCharacter

Geology

Stability

Human Impacts



Floodplains and HydrologyFloodplains and Hydrology

Sacramento River, California



Dampening the Flood HydrographDampening the Flood Hydrograph

Red River



Fraser River 1948Fraser River 1948

Inflowing

Outflowing



Inflowing

Outflowing

Floodplain 
Storage

D
is

ch
ar

ge

Time



Floodplain IsolationFloodplain Isolation
Protects areas from flooding, BUTProtects areas from flooding, BUT……

Creates risk of catastrophic floodingCreates risk of catastrophic flooding
Delivers more water downstreamDelivers more water downstream
Reduces Reduces overbankoverbank infiltration/ infiltration/ baseflowsbaseflows
Reduces water qualityReduces water quality

New Orleans



Silver Bow Creek

Floodplain Isolation Due to Berms/Levees

Berm

Historic 
Floodplain



Floodplain Isolation 
Due to 
Transportation 
Infrastructure

Yellowstone River



Floodplain Infiltration and Base FlowsFloodplain Infiltration and Base Flows

Infiltration of floodwaters into floodplain sediments recharges the 
shallow aquifer

Base flows increase and peak flows decrease



““Hydrologic BufferingHydrologic Buffering””

Floodwater StorageFloodwater Storage
Groundwater RechargeGroundwater Recharge



What About Floodplain Irrigation 
Practices?

Big Lost River IdahoBig Lost River Idaho

Extensive Flood Irrigation Prior to MidExtensive Flood Irrigation Prior to Mid--80s80s
Conversion to Sprinkler MidConversion to Sprinkler Mid--8080’’ss

Increase in Irrigated AcreageIncrease in Irrigated Acreage
Increase in Groundwater PumpingIncrease in Groundwater Pumping
Drop in Water TableDrop in Water Table
Increased Climatic Control on Water AvailabilityIncreased Climatic Control on Water Availability
Drop in Base FlowsDrop in Base Flows





Irrigation, Climate, and Water Table ElevationIrrigation, Climate, and Water Table Elevation
Big Lost River IdahoBig Lost River Idaho

▼

Annual Precipitiation Trends and Groundwater Levels
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Big Lost River has been going dry at  Arco since 1985Big Lost River has been going dry at  Arco since 1985

▼

August low flows vs Annual Precipitation
Arco
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NatureNature’’s Flood Irrigators?s Flood Irrigators?



There’s an ever 
increasing body of 
evidence indicating that 
the beaver trapping era 
had an enormous impact 
on our channels and 
floodplains



1942 1995

Historic Vegetation Patterns Upper Big Hole



DowncutDowncut Channels With Cohesive, Organic Rich ToeChannels With Cohesive, Organic Rich Toe

Elk Creek, Lower Blackfoot



Inhibiting Infiltration Through Inhibiting Infiltration Through 
Impervious SurfacesImpervious Surfaces



Floodplain GeomorphologyFloodplain Geomorphology
Sediment Storage/SortingSediment Storage/Sorting

Nevada Creek



Building floodplains through Building floodplains through ““vertical accretionvertical accretion””



Building floodplains through “lateral accretion” (migration and 
bar deposition)



Downstream of Emigrant 1948

Migration



Downstream of Emigrant 1948, 2005

New Riparian 
Forest

Lateral Accretion 
Creates Floodplain



The result: banks amenable to undercutting, The result: banks amenable to undercutting, 
vegetation colonization, gravel recruitmentvegetation colonization, gravel recruitment

Arkansas 
River



Channel Migration

Rivers tend to migrate 
across their floodplains



Although migration builds 
floodplain, stores and cycles 
sediment, creates open bar area 
for riparian regeneration, it also

creates erosion hazards



Bitterroot River

Sacramento River

Bitterroot River

As a result, we As a result, we ““discouragediscourage””
floodplain turnoverfloodplain turnover



How Can We Manage Rivers as Corridors?How Can We Manage Rivers as Corridors?

Sacramento River, California

The Marias



How can we identify areas of high risk?How can we identify areas of high risk?

The Yellowstone

The Clark Fork



Channel Migration Zones (CMZ)

Historic channel location (typically ~50 years)

Buffer to allow for future migration



~160 mile ~160 mile 
project reachproject reach

Big Hole River 
Channel 
Migration Zone



Big Hole CMZ 
100-year Time Frame

Big Hole River (52 Reaches):  

• Historic channel locations

• 40 ft to 350 ft buffers based on 
measured erosion rate



Big Hole River at Mouth:  
1942



Big Hole River at Mouth:  
1942 and 1995



Big Hole River at 
Glen:  1942



Big Hole River at 
Glen:  1942 and 
1955



Big Hole River at 
Glen:  1942, 1955, 
and 1995



Buffer width directly 
reflects migration rate

Wise River

Douglas Creek, 
Helmville



Big Hole River at Glen:  
Channel Migration Zone



The Avulsion Potential Zone (APZ)The Avulsion Potential Zone (APZ)

Secondary channels, relic channels and swales that are at Secondary channels, relic channels and swales that are at 
risk of channel occupationrisk of channel occupation



19501950



19761976



CMZ

APZ

Mouth of the Big Hole at 
Twin Bridges



Yellowstone River

477 Miles of CMZ in Review



Spring Creek Reach

1948-2005



Spring Creek Reach  
Paradise Valley

Dike



1950

1976

Composite Composite BanklinesBanklines
Defines Historic Migration ZoneDefines Historic Migration Zone

2001

1995



Erosion Prone Area Erosion Prone Area 
Measure Migration Rates 1950Measure Migration Rates 1950--20012001

1400 Measurements over 477 Miles



• Location

•Reach

•Geology

•Length

•Time Frame



Calculate Reach Average Calculate Reach Average 

Region B
1950-2001 Migration Distances 

All Measurements
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Buffer Widths
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Composite CMZComposite CMZ



1996 
cutoff/avulsion



What about ice jams?



How is our Ice Jam Awareness?



““Did you knowDid you know””
There are 1476 Montana Ice Events documented in the Cold 
Regions Research and Engineering Lab (CREEL) Ice Jam 
Database

This is 9% of the total for the US

Jams typically form as ice accumulates at obstacles such as 
bends in rivers or bridge supports

Water can quickly back up and cause localized flooding 

Jams can release quickly causing flash flooding





The Madison River The Madison River 
at Ennisat Ennis



The Yellowstone River The Yellowstone River 
Paradise ValleyParadise Valley



When do they tend to occur?When do they tend to occur?

West of Divide:  Dec-Feb East of Divide:  Feb-March



Alluvial Valley BottomsAlluvial Valley Bottoms
Wide FloodplainsWide Floodplains

Missouri near Culbertson

Ice Jam 
Caused Major 
Cutoff

Pump Irrigation 
System



Floodplain ProcessesFloodplain Processes

Hydrologic BufferingHydrologic Buffering

Sediment CyclingSediment Cycling

ConsiderationsConsiderations
•• IsolationIsolation
•• IrrigationIrrigation
•• Climate Climate 
•• BeaverBeaver
•• Erosion RiskErosion Risk
•• Flood RiskFlood Risk
•• Ice Jamming/Catastrophic Ice Jamming/Catastrophic 

Disturbance

Flathead

Disturbance



““If youIf you’’re going to live by the river, make friends re going to live by the river, make friends 
with the crocodilewith the crocodile””

------Indian proverbIndian proverb

East Gallatin 
River

Mississippi River 
Floodplain


